Dobutamine stress echocardiography has become a diagnostic tool for the evaluation of coronary artery disease and the detection of myocardial viability. In the diagnosis of significant coronary artery disease, it provides similar accuracy to exercise stress thallium-201 myocardial perfusion scintigraphy. Dobutamine stress echocardiography is also a promising modality for predicting the recovery of hibernating myocardium from contractile dysfunction after coronary angioplasty or bypass surgery. This article, reviews our recent clinical experience with the detection of coronary artery disease and viable myocardium by dobutamine stress echocardiography. (Jpn Heart J 1997; 38: 151-161) 
the detection of myocardial viability is necessary to select patients who may benefit from coronary revascularization. For these purposes, thallium-201 myocardial perfusion scintigraphy with exercise testing has been the most widely used clinical imaging modality. Recently, dobutamine stress echocardiography (DSE) has come into use as another modality for both the evaluation of significant coronary artery disease1-5) and the detection of myocardial viability. [6] [7] [8] [9] [10] [11] [12] The combination of dobutamine stress with two-dimensional echocardiography is an excellent method of assessing regional and global left ventricular function under stress. A high dose of dobutamine induces augmentation of myocardial oxygen consumption and provokes myocardial ischemia in the presence of significant coronary artery stenosis.13) Enhancement of the contractile reserve of dysfunctional but viable myocardium ("stunned" or "hibernating" myocardium) by a low dose of dobutamine can be used to predict recovery from Jpn Heart J March 1997 contractile dysfunction after coronary revascularization. [6] [7] [8] [9] [10] [11] [12] In this article, we review our recent clinical experience with the use of DSE in the detection of coronary artery disease and viable myocardium.
PHARMACOLOGY OF DOBUTAMINE
The following endpoints were applied to DSE: (1) appearance of a new regional wall motion abnormality involving two or more wall segments, (2) attaining 85% of the target heart rate, (3) ST-segment depression or elevation greater than 2mm, (4) occurrence of significant chest pain, (5) an increase in systolic blood pressure to more than 220mmHg, (6) a decrease in systolic blood pressure by 20mmHg or to less than 90mmHg, (7) complex ventricular arrhythmias, and (8) administration of the maximum dose of dobutamine.
Standard 2-dimensional echocardiographic images were obtained, including parasternal long-axis, short-axis, and apical two-, three-and four-chamber views. For the semi-quantitative assessment of wall motion, the LV wall was divided into 13 segments and the regional wall motion in each segment was scored as follows: -1=hyperkinesis, 0=normokinesis, 1=mild hypokinesis, 2=severe hypokinesis, 3=akinesis, and 4=dyskinesis.
SAFETY OF DSE
The endpoints of DSE in 400 consecutive patients undergoing evaluation for suspected or known coronary artery disease at our department are summarized in Table I . Dobutamine infusion was well tolerated by most patients. Although minor adverse effects (including palpitations, arrhythmias, hypertension, hypotension, and nausea) were observed in 51 (13%) patients, there were no major complications such as myocardial infarction, prolonged angina, or serious ventricular arrhythmias.
Mertes et al. 16 ) who studied 1118 consecutive patients undergoing DSE, reported no occurrences of death, myocardial infarction, or episodes of sustained ventricular tachycardia as a result of dobutamine stress testing. DSE was terminated in 3% of the patients because of non-cardiac side effects, including nausea, anxiety, headache, tremor, and urinary urgency. Angina pectoris occurred in 19.3% of the patients, premature ventricular complexes in 15%, and non-sustained ventricular tachycardia in 3.6%.
The contraindications to DSE include critical aortic stenosis, hypertrophic cardiomyopathy, unstable angina, uncontrolled hypertension, uncontrolled arrhythmias, and electrolyte abnormalities.17)
DETECTION OF CORONARY ARTERY DISEASE
It has been shown that the induction of wall motion abnormality by dobutamine stress is an accurate marker of significant coronary artery disease , since reversible segmental wall motion abnormality is one of the signs of myocardial ischemia. To date, several studies have shown that DSE is a useful non-invasive test for the evaluation of patients with suspected coronary artery Figure 1 . Changes in heart rate, systolic blood pressure and rate-pressure product during dobutamine stress echocardiography (upper panels) and during exercise stress thallium-201 myocardial SPECT (lower panels). HR=heart rate; SBP=systolic blood pressure; RPP=rate-pressure product.
disease.1-5)
To evaluate the accuracy of DSE for the detection of significant coronary artery disease, the present study was performed to compare DSE with exercise stress thallium-201 myocardial single-photon-emission computed tomography (SPELT). In this study, the diagnostic accuracy of these two tests were compared in patients who were suspected to have coronary artery disease because they showed ST depression on treadmill exercise testing. Forty patients underwent Table II .
Coronary Artery Lesions in thePatient Groups
DSE=dobutamine stress echocardiography; TI-SPET=exercise-stress thallium-201 myocardial SPECT. DSE, and 38 underwent exercise stress thallium-201 myocardial SPECT with a supine bicycle ergometer. All of the patients enrolled in this study exhibited exercise-induced ST depression (0.1mV or more, horizontal or downward-sloping) and underwent diagnostic coronary angiography . Myocardial ischemia was diagnosed by DSE when one of the following criteria were met: (1) development of asynergy in patients without wall motion abnormality at rest, and (2) worsening of wall motion abnormality in patients with wall motion abnormality at rest (i.e., deterioration from hypokinesis to akinesis or dyskinesis). Exercise stress thallium-201 myocardial SPECT was considered positive for myocardial ischemia when partial or complete redistribution was observed in the delayed image. Significant coronary artery stenosis was defined as luminal diameter narrowing of more than 75% . Figure 1 shows the changes in heart rate, systolic blood pressure, and ratepressure product during DSE and exercise stress thallium-201 myocardial SPECT. All of these parameters were significantly increased by exercise stress compared with dobutamine stress. The results of coronary angiography are presented in Table II . Of the 40 patients who underwent DSE, 7 had no significant lesions, 23 had single-vessel disease and 10 had multi-vessel disease. Of the patients who underwent exercise stress thallium-201 myocardial SPECT, 7 had no significant lesions, 22 had single-vessel disease, and 9 had multi-vessel disease.
The results of DSE and exercise stress thallium-201 SPECT are shown in Table III . DSE was positive in 31 of 33 patients with significant coronary artery disease and was negative in all patients without significant coronary artery disease. Thus, the overall sensitivity, specificity, and positive predictive value of DSE for detecting coronary artery disease were 94%, 100% and 100%, respectively. Exercise stress thallium-201 myocardial SPECT demonstrated redistribution of thallium in 26 of 31 patients with significant coronary artery disease and no redistribution was detected in 6 of the 7 patients without significant disease. These results yielded a sensitivity, specificity, and positive predictive value for the detection of significant coronary artery disease of 84%, 86%, and 96%, respectively.
The accuracy of DSE in detecting coronary artery disease reported by various investigators1-5,18-21) is summarized in Table IV . The diagnostic accuracy of DSE has been reported to be higher than exercise electrocardio-graphy.21-23) It also has been shown that the ability of DSE to diagnose coronary artery disease is comparable to that of exercise or pharmacologic stress radionuclide imaging employing thallium-201 or Tc-99m sestamibi.18-20) Furthermore, DSE possesses some advantages over standard forms of exercise testing. During DSE, for example, the degree of stress can be controlled by monitoring wall motion, leading not only to a high accuracy but also to improved safety. DSE provides accurate information on the diagnosis of the presence of, as well as the localization of, significant coronary artery disease. However, some investigators have obtained false-positive results in the posterior wall using DSE.24,25)
DETECTION OF MYOCARDIAL VIABILITY
It has been reported that dysfunctional but viable myocardium demonstrates evidence of contractile reserve in response to sympathomimetic stimulation.26) Dysfunctional but viable myocardium is classified as either "stunned" or "hibernating" myocardium . Stunned myocardium is caused by a transient severe reduction in coronary blood flow27) and hibernating myocardium is induced by a chronic severe decrease in coronary blood flow.28) In regions of hibernating myo- Figure 2 . Prediction of wall motion recovery at follow-up echocardiography after PTCA in relation to the type of response during dobutamine stress echocardiography .
cardium, myocardial contraction may be improved by the restoration of coronary blood flow. Accordingly, the accurate detection of hibernating myocardium is clinically important, since coronary revascularization may result in the improvement of regional myocardial dysfunction. Recently, several authors have proposed that DSE is a clinically useful method for the identification of hibernating myocardium. 8, 9, 11, 12) To examine the accuracy of DSE for the identification of hibernating myocardium, we assessed whether the response of wall motion to dobutamine stress could be used to predict wall motion improvement after percutaneous transluminal coronary angioplasty (PTCA) of the infarct-related coronary artery . Eighteen patients with previous myocardial infarction who underwent successful PTCA of the infarct-related coronary artery were investigated . The infarct-related coronary artery was the left anterior descending artery in 13 patients , the l eft circumflex artery in 3, and the right coronary artery in 2 . All patients had stenosis of greater than 75% of the luminal diameter in the infarct -related coronary artery before PTCA. Patients with evidence of restenosis after PTCA were dobutamine stress was classified into the following 4 patterns: (1) biphasic response (improvement at a low dose and deterioration at a high dose), (2) sustained improvement (improvement at a low dose that was maintained to the peak dose), (3) no change (no improvement or deterioration), (4) deterioration (worsening without improvement). Segments that showed a biphasic response or sustained improvement were considered to possess contractile reserve, (i.e., these were assumed to be viable segments).
Sixty-four dysfunctional segments perfused by the infarct-related coronary artery were analyzed, including 44 with severe hypokinesis and 20 with akinesis. Of the 32 segments that revealed contractile reserve on DSE, 23 showed functional recovery on follow-up echocardiography (Table V) . Of the 32 segments without any evidence of contractile reserve on DSE, 22 did not exhibit functional recovery. Thus, the overall sensitivity, specificity, and positive predictive value of DSE for predicting functional recovery after PTCA were 70%, 71% and 72%, respectively.
Of the 64 dysfunctional segments analyzed, 28 showed a biphasic response, 7 exhibited sustained improvement, 22 showed no change, and 7 exhibited deterioration of wall motion during DSE. Figure 2 shows the prediction of wall motion recovery after PTCA in relation to the type of response during DSE. In 21 of the 35 segments (75%) with a biphasic response, coronary revascularization resulted in the recovery of contractile function. Of the segments exhibiting sustained improvement, no change or deterioration, functional recovery occurred in 43%, 36%, and 14%, respectively. Thus, a biphasic response to dobutamine stress best predicted the recovery of wall motion after coronary revascularization.
Several studies have confirmed the accuracy of DSE for the identification of viable but dysfunctional myocardium. In 20 patients with stable coronary artery disease and segmental ventricular dysfunction, Afridi et al.12) demonstrated that the wall motion response during DSE was a useful predictor of the wall motion recovery after coronary angioplasty. In their study, a biphasic response also had the highest predictive value for functional recovery (72%), whereas deterioration during DSE had a predictive value of only 35%. In 33 patients with chronic coronary artery disease and persistent left ventricular dysfunction, the sensitivity of low-dose dobutamine stress in predicting subsequent improvement of function after coronary artery bypass grafting was 87% with a specificity of 82%.11) In a study of patients with multi-vessel coronary disease and depressed left ventricular function, 82% of those with contractile reserve on DSE showed improvement of systolic wall thickening after revascularization, whereas 86% of the patients without contractile reserve showed no improvement.8) In comparison with the other clinical approaches for the detection of viable myocardium, including positron emission tomography and thallium imaging with reinjection or late redistribution imaging, recent studies have shown that the results of DSE correlate well with these methods. [29] [30] [31] CONCLUDING COMMENTS DSE is a safe and accurate method for the non-invasive assessment of the severity and localization of myocardial ischemia in patients with coronary artery disease. It provides similar diagnostic accuracy to exercise stress thallium-201 myocardial perfusion scintigraphy. It is especially useful for the evaluation of patients with ventricular hypertrophy or bundle branch block and of those who are unable to perform adequate exercise. In contrast to radionuclide or magnetic resonance imaging, DSE can be performed in various settings, including the coronary care unit and the cardiac catheterization laboratory. Another potential clinical advantage of DSE is the detection of dysfunctional but viable ("hibernating") myocardium. Several studies have shown that DSE allows accurate prediction of the improvement of ventricular wall motion after PTCA or coronary bypass surgery. Thus, the role of DSE in the diagnosis of coronary artery disease has been established and it is also a promising method for the identification of viable myocardium.
